A 2 x 6 factorial experiment with Cu added at 5 or 250 ppm and Fe added at 50, 100, 150, 200, 250, or 300 ppm was conducted using 480 crossbred weanling pigs with an average initial weight of 7.0 kg. The basal com-soybean meal-whey diet contained 4 ppm Cu, 169 ppm Fe, and 199 ppm Zn. Pigs were allotted by weight, sex, and litter outcome group and had ad libitum access to feed and water during the 2 8 d trials. Animals were weighed and pen feed intake was recorded weekly. Blood samples were collected on d 1, 14, and 28 of the experiment. The addition of 250 ppm Cu increased ADG (P < .001) and average daily feed intake (ADJ3, P < .01) during the 28-d trials. The addition of Fe had no effect on ADG and ADFI (P > .lo). A Cu x Fe interaction (P < .01) was observed for feed/ gain. Increasing Fe levels linearly improved hematocrit status (P < .05) on d 28 of the trial.
Introduction
Copper is routinely added to the diets of growing swine. Diets containing 125 or 250 ppm of added Cu have improved ADG and feed efficiency of growing pigs in some studies (Braude, 1967; Wallace, 1967) . However, the growth response to Cu is not consistent, and several studies have detected no response to the addition of Cu (Amer and Elliot, 1973; NRC-42 Committee on Swine Nutrition, 1974 
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ated w i t h added Cu may be related to its antimicrobial property (Cromwell, 1983) .
The addition of 250 ppm of Cu to the diets of growing pigs decreases liver Fe stores (Bradley et al., 1983) and hemoglobin and serum Fe levels (Hedges and Kornegay, 1973) while increasing liver and kidney Cu levels (Kline et al., 1972; Bradley et al., 1983) . Dietary Fe levels of 312 ppm fed to weanling pigs reversed the decrease in hemoglobin concentration and helped to prevent Cu accumulation in the liver (Hedges and Komegay, 1973) .
The objectives of this study were to determine whether increased dietary Fe affected the growth-promoting effect of Cu and to detennine the dietary Fe level needed to maintain the hematological status of weanling pigs fed growth-promoting levels (250 ppm) of Cu. Five trials were conducted using a total of 480 (252 females and 228 males) Landrace x Yorkshire x Duroc pigs with an average initial weight of 7.0 kg (f 1.5 kg) and an average final weight of 17.3 kg (k 2.7 kg). Pigs were allotted as a randomized complete block by weight, sex, and litter group to one of 12 experimental treatments at weaning (27 d f 3 d). Pigs were housed in an environmentally controlled nursery (27 to 29'C) with totally slotted floors. Pigs were penned in groups of five (.42 m2/pig) and provided ad libitum access to feed and water for the duration of the 28-d trial. The number of males and females in a pen was consistent within a replication. There were 60 pigs per replication and eight replications in the experiment. Before being placed on the experiment, pigs were managed according to accepted management practices in the farrowing house. All pigs received 150 mg of iron (iron dextran injection) at 1 and at 14 d of age. One pig died on d 5 of the experiment from causes not associated with the experimental treatment.
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Diets were based on corn, soybean meal, and whey with 5% menhaden fish meal (Table  1) and met or exceeded all NRC (1988) requirements for 5-to 10-kg pigs. Dietary treatments were arranged in a 2 x 6 factorial with two levels of added Cu (5 or 250 ppm) as feed-grade copper sulfate and six levels of added dietary Fe (50, 100, 150, 200, 250 , or 300 ppm) as feed-grade ferrous sulfate. The NRC (1988) requirements for Fe and Cu are 100 and 6 ppm, respectively, for pigs weighing 5 to 10 kg.
Pigs were weighed and pen feed intake was recorded weekly. Blood samples were taken from all pigs via the orbital sinus (Huhn et al., 1969) on d 1,14, and 28. Blood was analyzed for hematocrit, hemoglobin, plasma ceruloplasmin and plasma Fe, Zn, and Cu. Blood samples were placed on ice immediately after sampling and hemoglobin3 and hematocrit were determined within 12 h of sampling. Blood plasma was harvested and frozen at -2o'C. Plasma ceruloplasmin was determined by the method of Schosinlcy et al. (1974) and Lehmann et al. (1974) . Feed and plasma minerals were determined using atomic absorption spectrophotometry4 after a nitric acid/ perchloric acid wet ash (AOAC, 1980). Total dietary Fe levels ranged from 219 to 454 ppm (Table 2) .
Data were analyzed as a factorial arrangement using the GLM procedure of SAS (1985) with the pen as the experimental unit. The initial model included trial, replicate within trial, Cu level, Fe level, Cu x Fe interaction, and trial x Cu x Fe interaction. The latter term was used as a source of error when it was significant; otherwise, it was combined with the error term. Initial weight was included in the model as covariate for all gain, feed intake, and feed efficiency analyses. Initial hemoglobin, hematocrit, and ceruloplasmin levels were used as covariates for their respective individual analyses. Linear and quadratic effects for Fe were determined using orthogonal comparisons based on equally spaced added levels of Fe.
Results and Discussion
Average daily gain (P < .001) and daily feed intake (ADH, P < .01) were increased by the addition of 250 ppm of Cu to the diet when averaged across all levels of Fe for the 28-6 experiment ( Table 2) . These results are consistent with the findings of Kline et al. (1972) and Stahly et al. (1980) found that Cu had no effect on feed/gain during the first 21 or 28 d, respectively. From our data, addition of Cu had the greatest effect on feed efficiency early in the feeding period. Prince et al. (1979) noted that the growthpromoting advantage of 250 ppm of Cu diminished as animals got older.
The addition of Fe to the diet had no effect (P > .l) on ADG or ADFI during the 28-d trial. These results are similar to those reported by Hedges and Komegay (1973) Gipp et al. (1974) . Hematocrit levels were not affected (P > .l) by the addition of 250 ppm of Cu to the diet.
Hemoglobin values on d 14 of the trial were decreased (P e .05) by the addition of 250 ppm of added Cu (Table 3) . By d 28, pigs had adjusted to their high levels of Cu, and the addition of 250 ppm of Cu had no effect (P > .l) on hemoglobin levels. Gipp et al. (1974) , using similarly aged pigs, reported that on d 35 of their study hemoglobin and packed cell volume were decreased by the addition of 250 ppm of Cu. Pigs in our study may have adjusted to their high dietary Cu levels due to differences in the dietary protein and mineral levels. Several longer studies with older pigs (17 to 26 kg initial weight) have found that Cu addition had variable effects on hemoglobin concentration depending on diet composition (Combs et al., 1966; Hanrahan and O'Grady, 1967; DeGoey et al., 1971; Kline et al., 1972) .
A Cu x Fe interaction (P < .08) for hemoglobin was observed on d 28. The addition of Fe to diets containing 5 ppm of Cu seemed to have no effect on hemoglobin, whereas the addition of Fe to the diets containing 250 ppm of Cu tended to increase hemoglobin levels. This indicates that higher levels of Fe may be required to maintain hemoglobin levels in pigs fed 250 ppm of Cu. Although these data support the fiidings of Hedges and Komegay (1973) . Fe levels higher than the 312 ppm used by Hedges and Komegay may be beneficial in maintaining hemoglobin and hematocrit status of weanling pigs fed 250 ppm of Cu as a growth promotant.
Plasma ceruloplasmin was not affected by the addition of Cu or Fe (P > -1) during the first 14 d of the experiment. A Cu x Fe interaction (P c: .04) was present on d 28;
plasma ceruloplasmin levels were increased with increasing levels of Fe in the diets containing 250 ppm, but not 5 ppm, of Cu. Gipp et al. (1973 Gipp et al. ( , 1974 
